Busulfan Does Intensity and Outcomes in Reduced Intensity Allogeneic Stem Cell Transplantation for MDS/AML  by Chen, Yi-Bin et al.
Table 1
Patient Characteristics
Age (median, range) 71 (70-76)
Male (n, %) 37 (66%)









Donor Type (n, %)
MUD 44 (79%)
MRD 10 (18%)
Mismatched UD 2 (4%)




GVHD Prophylaxis (n, %)
CNI þ Siro  MTX 34 (61%)
CNI þ MTX 9 (16%)
Abstracts / Biol Blood Marrow Transplant 19 (2013) S109eS128S114IV was 14% (95% CI 4-23%) and Grades III-IV 4% (0-9%) and did
not differ according to allograft source. The three-year
cumulative incidence of Chronic GVHD was 33% (20-47%).
The three-year cumulative incidence of progression was not
signiﬁcantly different for patients with MDS (60%, 95%CI 44-
73%), MPN (88%, 71-95%), or t-MDS (45%, 15-70%). MDS
patients with IPSS-R Very High and High Risk scores all had
progressive disease within the ﬁrst 100 days. In contrast,
patients with Intermediate Risk scores had equivalent
progression-free survival rates with those in the Very Low
and Low risk groups (Hazard Ratio for progression 1.25, 0.36-
4.32). Patients with donor CD15>90% at day 28 (40% of
patients) deﬁned a group with a low likelihood of disease
progression (Odds Ratio 0.20, p¼.01).
Discussion: For patients with MDS and MPN, TLI/ATG
conditioning was associated with low rates of acute GVHD
and NRM. Patients whose IPSS-R scores at the time of HCT
were Intermediate, Low, and Very Low had signiﬁcantly
lower risks of disease progression than those with High or
Very High risk scores, suggesting early transplantation with
TLI/ATG may result in better long-term outcomes.CNI þ ATG þ MTX 7 (13%)
CNI þ MMF 3 (5%)
Other 3 (5%)10
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Allogeneic hematopoietic stem cell transplantation
(HSCT) can achieve durable remissions in a number of
advanced hematologic malignancies. The advent of reduced
intensity conditioning (RIC) regimens has allowed HSCT to be
offered to increasingly older adults. However, little is known
about the safety of HSCT in patients over the age of 70 years.
The purpose of this retrospective study was to describe the
overall outcomes of patients older than age 70 who under-
went HSCT for hematologic malignancies. We identiﬁed 56
consecutive patients age 70 or older who underwent HSCT at
Massachusetts General Hospital or the Dana-Farber Cancer
Institute between January 2007 and July 2012. Patients were
included in this study if age 70 or older on the day of trans-
plantation. All patients met standard institutional criteria for
HSCT eligibility. The majority of patients underwent trans-
plant for acute leukemia or myelodysplastic syndrome (AML
26,MDS15, CLL5,NHL4,ALL3,MPD2,CML1).Median follow-
up for survivors was 15months (range 2-86). Themedian age
at transplantwas71years (range70-76) and66% (37/56)were
male; themedian HCT-CI scorewas 1 (range 0-5). All patients
received RIC regimens with 93% receiving a busulfan / ﬂu-
darabine regimen. All patients receivedperipheral blood stem
cell grafts; 44 froman8/8matchedunrelateddonor (MUD),10
from a matched related donor (MRD), and 2 from a 7/8
matched unrelated donor. 95% of patients received calci-
neurin inhibitor-based GVHD prophylaxis regimens, most in
combination with sirolimus or methotrexate (Table 1). Of
these 56 patients, 2 died prior to engraftment, one from graft
failure and one from disease progression. Of the 46 patientswho experienced a nadir, the median time to neutrophil
engraftment was 13 days (range 2-31). Maximum cumulative
grade II-IV acute GVHD incidence was 13% and grade III-IV
acute GVHD7%. One year cumulative chronicGVHD incidence
was 37%. One-year progression-free survival was 42% and
one-year overall survival was 55%. The cumulative incidence
of relapsewas 34% and non-relapsemortality was 3.6% at day
100 and 5.5% at 1-year after HSCT. HSCT is a safe and effective
option for patients over the age of 70. Further follow-up and
analysis are needed to determine which patients will derive
beneﬁt from allogeneic transplantation; however, for care-
fully selectedelderlypatients, ageover70shouldnotpreclude
consideration of HSCT.11
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Comparisons of myeloablative conditioning versus
reduced intensity conditioning (RIC) demonstrate a tradeoff
between relapse and more toxicity. Dose intensity across RIC
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retrospective analysis, we investigated if IV busulfan dosing
(total dose 3.2 mg/kg vs. 6.4 mg/kg) in ﬂudarabine/busulfan
(Flu/Bu) RIC regimens would affect outcomes in patients
undergoing HCT for MDS or AML. A total of 217 patients with
MDS or AML underwent Flu/Bu RIC PBSCT fromwell matched
related or unrelated donors at our institutions between 2004
and 2009. 135 patients received Bu1 (busulfan 0.8 mg/kg/d x
4 while 82 patients received Bu2 (busulfan 0.8 mg/kg bid x
4), both with daily ﬂudarabine (30 mg/m2/d x 4 days). The
choice of RIC regimens was based on temporal institutional
standard, enrollment on protocols, and physician choice.
Patients had similar characteristics with a few notable
differences: patients receiving Bu1 were younger (median
age 61 vs 64, p<0.001), received more single-antigen mis-
matched unrelated grafts (14.1% vs. 1.2%, p<0.001), received
more sirolimus based GVHD prophylaxis regimens (63% vs
45%, p < .0001), received less ATG for GVHD prophylaxis (0%
vs. 22%, p < 0.001) and had less enrollment on a post-HCT
clinical trial using prophylactic rituximab for the prevention
of chronic GVHD (2.2% vs. 11.0%, p¼0.011). Clinical disease
status was similar between the two groups. Median follow-
up for survivors was 4.4 years for Bu1 and 3.2 years for Bu2.
Due to the differences in characteristics, the two groups were
compared with the adjustment of a propensity score pre-
dicting Bu2 to account for measured differences. The day
þ200 cumulative incidence of grades II-IV acute GVHD (Bu1
17% vs Bu2 8.5%, HR 0.56 [0.22, 1.41], p¼0.22) or grades III-IV
acute GVHD (Bu16.7% vs. Bu2 4.9%) were not different. The 2-
year cumulative incidence of chronic GVHD (Bu1 41.5% vs
Bu2 28%, HR 0.70 [0.42, 1.17], p¼0.09) was not signiﬁcantly
different. 2-year non-relapse mortality (NRM) was similar
(Bu1 8.9% vs Bu2 9.8%, HR 0.80 [0.29, 2.21], p¼0.67). 2-year
progression-free survival (Bu1 40.6% vs Bu2 39.3%, HR 0.82
[0.57, 1.30], p¼0.33) and overall survival (Bu1 47.4% vs Bu2
48.8%, HR 0.96 [0.64, 1.44], p¼0.85) were also non-signiﬁ-
cant. Multivariate Cox model with the propensity risk score
applied suggest that in a subset of patients with high clinical
disease risk and non-adverse cytogenetics, the higher dose
busulfan RIC regimen may be of beneﬁt (2-year PFS, HR 0.54
[0.29, 1.03], p¼.062). For the majority of patients with MDS/
AML undergoing Bu/Flu RIC PBSCT, however, the dose of
busulfan (3.2 mg/kg vs 6.4 mg/kg) is not associated with
signiﬁcant differences in overall outcomes.12
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There have been a few multicenter or registry data
assessing the feasibility of unrelated donors (URD) in acute
myeloid leukemia (AML) compared to HLA-matched sibling
donors (MSD). These studies suggest that MSD and HLA-matched URD have comparable outcomes. However, the
small number of patients in ﬁrst complete remission (CR1)
and the lack of high-resolution HLA typing in these studies
make it difﬁcult to clearly determine the role of 8/8-matched
URD in patients with AML CR1. Furthermore, using 8/8-
matched URD is not currently standard practice in patients
with AML CR1 having intermediate cytogenetics, particularly
those without poor risk features, when MSD are not avail-
able. These patients are also candidates for non-allogeneic
stem cell transplantation (allo-SCT) therapy, such as autolo-
gous peripheral blood stem cell transplantation (auto-
PBSCT). In order to clarify the role of 8/8-mateched URD in
these patients, transplantation outcomes should be
compared with non-allo-SCT therapy as well as MSD.
Between 2002 and 2009, 567 adult patients with AML
underwent transplantation from MSD, URD, and autologous
sources. According to the risk-adapted treatment strategy,
AML CR1 with intermediate cytogenetics received allo-SCT as
a post-remission treatment, if MSD or 8/8-matched URD was
available.Patientswithnoavailabledonor receivedautologous
transplantation. To determine the role of 8/8-matchedURDon
transplantation outcomes in patients with intermediate
cytogenetics, we evaluated 288 patients with intermediate
cytogeneticswhounderwent transplantation fromautologous
sources (n¼89)orallogeneicdonors (n¼199) consistingof8/8-
matched URD (n¼54) and MSD (n¼145) at CR1.
In multivariate analyses, 8/8-matched URD had compa-
rable 6-year overall survival (OS, P¼0.997), disease-free
survival (DFS, P¼0.951), and relapse (P¼0.672) to MSD,
whereas 8/8-matched URD had a higher OS (P¼0.070) and
DFS (P¼0.035) with lower relapse (P¼0.009) than autologous
transplantation. No difference in non-relapse mortality was
observed according to donor type. Notably, these equivalent
or superior outcomes of 8/8-matched URD compared with
MSD or autologous transplantation, respectively, were
particularly evident in patients without poor risk features
(n¼200), such as older age, hyperleukocytosis at diagnosis,
and myelodysplasia-related changes, who are not usual
candidates for URD transplantation.
In conclusion, this study conﬁrmed the comparable
outcomes of 8/8-matched URD with MSD in AML CR1 with
intermediate cytogenetics. Additionally, this study strongly
suggests that 8/8-matched URD is preferable to auto-PBSCT in
AML CR1 with intermediate cytogenetics, when MSD are not
available. Finally, our data indicate that 8/8-matched URD are
feasiblenextoption inAMLCR1with intermediate cytogenetics,
when lacking MSD, even in patients without poor risk features.13
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We developed a 2-step approach to myeloablative hap-
loidentical HSCT in which patients receive a large ﬁxed dose
of cyclophosphamide (CY)-tolerized T cells separately frm
the HSC infusion in the hopes of accelerating post HSCT
immune reconstitution (IR). The uniformity of the T cell
dosing facilitates comparison of patients without (low risk)
and with (high risk) active malignancy at HSCT to ascertain
the impact of disease status at HSCT on IR with fewer con-
founding effects from conditioning or T cell dosing.
